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Abstract
Background: Regarding the increasing application of neuromusculoskeletal sonography among medical specialties,
specifically physiatrists, this study aims to assess the knowledge and skill level of these specialists in
neuromusculoskeletal sonography in Iran.
Methods: This descriptive, cross-sectional study was performed in 2018. The utilized questionnaire developed
based on previous studies in collaboration with 6 university lecturers of Shaheed Beheshti, Iran, and Tabriz medical
universities and a physiatrist from Hacettepe University (Turkey); it included questions entailing demographic data,
knowledge, and performance levels. Its validity and reliability were evaluated through face validation, pilot study,
and the Cronbach α calculated via SPSS. Data extraction and analysis were also performed by SPSS-25.
Results: Of 364 questionnaires distributed, 300 were properly filled and entered into the study, of which, 38% were
filled by clinical residents, 10% university lecturers, and 52% other categories (e.g. private sector).
The average number of musculoskeletal patient visits was 140.6 ± 119 and the mean number of musculoskeletal
sonographies requested was 8.2 ± 5.2 per month (the three most common indications reported as the shoulder,
carpal tunnel syndrome, and tendon injuries).
95% of the participants considered the importance of sonography for physiatrists to be “very high” or “high”; with
the most valuable applications “as a guide for procedures (90%), its diagnostic utility (68%), and follow up/
evaluating the response to treatment (45%). 86% of physiatrists reported they had participated in musculoskeletal
sonography courses, 60% during residency, and the rest through workshops.
Also, the participants mentioned safety (83%), the possibility of performing simultaneous diagnosis and intervention
procedures (70%), repeatability (58%), and dynamic imagery (52%) as the major advantages of musculoskeletal
ultrasound.
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Conclusion: a large number of doctors consider musculoskeletal sonography to be essential for physiatrists, though
insufficient education on the subject and the low number of ultrasound devices are some of the obstacles in
enhancing the use of this technology in PM&R setting. Presenting certified specific training courses during
residency, provision of necessary rotations, using the capacities of the PM&R scientific committee, and the private
sector for running workshops and professional training courses are suggested for enhancing the knowledge and
skills of neuromusculoskeletal sonography.
Keywords: Neuromusculoskeletal sonography, Physical medicine and rehabilitation, Knowledge assessment,
Residency curriculum perspectives
Background
Advancements in ultrasound technology, improved im-
aging resolution, reduction in the size of the devices,
and increased portability have led to a remarkable
increase in its utilization in various medical fields includ-
ing PM&R. Physiatrists encounter a vast range of mus-
culoskeletal disorders, therefor knowledge, and skill in
neuromusculoskeletal sonography can have an impactful
effect in enhancing the quality of their daily practice. On
the other hand, in addition to being used as a diagnostic
and treatment tool, it can provide the basis for further
practical researches.
Also, sonography is a non-invasive diagnostic modality
that is radiation-free and has no definite contraindica-
tions [1, 2]. Considering the vast usage of this method in
the evaluation and diagnosis of soft tissue injuries, as
well as lower cost compared to MRI, using ultrasound
can reduce the costs in PM&R services [3].
Currently, the most common indications of using
ultrasound in PM&R by the practitioners are as follows:
as a guide in peripheral nerve block, local anesthesia and
other pain control procedures, intraarticular and spinal
injections (epidural block, facet joints, ganglions and …),
soft tissue injections, and the diagnostic role in patholo-
gies such as tendon, muscle, and nerve injuries [3–13].
Also, this method has been used in evaluating joint dis-
orders such as knee osteoarthritis and temporomandibu-
lar joint derangement [14, 15].
Because of the extensive use of sonography as an ef-
fective and non-invasive diagnostic tool, it has been
employed in various fields of medicine worldwide, and
many studies have been performed regarding its applica-
tion. Bruyn studied the benefits of ultrasound as a guide
in therapeutic interventions and has stated the import-
ance of training doctors and particularly rheumatologists
in this regard [8]. Furthermore, Finnoff et al., while pre-
senting a training program for PM&R residents in Mayo
Clinic, considered training in this field to be necessary
for residency programs [16]. In 2015, in a systematic re-
view they performed, definite evidence was found con-
cerning the higher accuracy of ultrasound-guided
injections compared to landmark guided injection and
they further emphasized the need for non-radiologist
doctors to be trained in this area [17].
Stoven et al. [18] also suggested the addition of sonog-
raphy as an important training subject for internal medi-
cine residents. The studies performed by Coris [3], Luz
[19], and Arger [20] also emphasize the effectiveness, ac-
curacy, and cost-effectiveness of ultrasonography in the
field of musculoskeletal disorders and deem it essential
for physicians to receive sufficient training.
On the other hand, the utilization of neuromusculos-
keletal sonography by PM&R physicians in Iran dates
back to approximately 10 years ago.
In 2016, Raeissadat et al. reported ultrasound-guided
intraarticular injections in the glenohumeral joint to be
more accurate than landmark-guided injections [21].
Also, the study performed by Rayegani et al. (2019) sug-
gested diagnostic ultrasound as an adjunct or alternative
method for electrodiagnosis in detecting ulnar neur-
opathy at the elbow [22].
Over time, training for this skill has evolved from a
few hour training courses into advanced several days
workshops. Training for this skill has also been routinely
integrated into many residency programs. Since there is
not much information regarding the effectiveness of the
courses in meeting the needs of the graduates as well as
the limiting factors in the employment of this modality,
this study aims to evaluate the level of knowledge, per-
spectives, and performance of Iranian PM&R practi-
tioners regarding neuromusculoskeletal sonography.
Methods
This descriptive cross-sectional study was performed in
2018. The questionnaire (see Additional file 1) was de-
veloped for this study and has not been published else-
where; it includes questions concerning demographic
data as well as the level of knowledge, views, and per-
formance of the participants. This questionnaire was de-
signed based on previous studies alongside collaboration
with 6 university lecturers of Shaheed Beheshti, Iran,
and Tabriz universities of medical sciences as well as a
specialist in PM&R from Hacettepe University in
Turkey. Its validity and reliability were first assessed
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using face validation by selected lecturers of these uni-
versities, and afterward through a pilot study on 40 resi-
dents and specialist physicians. Eventually, Cronbach’s
alpha was calculated using SPSS 25 (> 0.7). (Fig. 1).
The questionnaires were completed by PM&R special-
ists and residents during the twenty-second PM&R con-
gress and the fourth symposium on osteoporosis and
arthritis in 2018; which was held by the PM&R commit-
tee of Iran. 26 questions were inquiring about the
following information: demographic data, university and
the year of graduation, the average number of musculo-
skeletal patient visits, neuromusculoskeletal sonography
requests and MRI requests per month, type and duration
of sonography training, level of knowledge about the
fundamentals of sonography, key terms and basic con-
cepts, the applications, advantages, and preferences of
using sonography compared to other imaging methods,
obstacles in the growth of using sonography among
PM&R specialists, and suggestions for any improvement
in this regard.
Data analysis was performed using SPSS 25. To
describe qualitative data, mean, standard deviation, me-
dian, and range were used. For qualitative data, fre-
quency and percentage of frequency were used. Tables
and figures were created accordingly.
Results
A total of 364 questionnaires were distributed, of which,
47 questionnaires were not returned, 17 were
incompletely filled, and 300 were completed and entered
into the study.
The mean age of the participants was 34 ± 4.45 years
(between 26 to 55 years). The female to male distribu-
tion was 65.7 to 43.3%. Thirty-eight percent of the
participants were residents, 10% were university lec-
turers, and 52% were in other sectors (private and public
sector practitioners). The number of years past since the
beginning of residency was 0–3 years in 38%, 4–6 years in
34%, 6–10 years in 20%, and more than 10 years in 8%.
The mean number of musculoskeletal patients visited
per month by each participant was 140.6 ± 110 (mini-
mum of 5 and a maximum of 800).
The mean of total neuromusculoskeletal sonography
requests was 8.2 ± 5.2 per month. This number was
12.01 ± 1.2 for residents, 9.2 ± 1.3 for university lecturers,
and 5.1 ± 2.2 for the others.
The common indications for neuromusculoskeletal
sonography requests based on the area were as follows:
the shoulder joint (17%), carpal tunnel syndrome (15%),
tendon injuries (15%), knee pathologies (13%), hand and
wrist pathologies (11%), bursae (9%), cysts (9%), joint ef-
fusions (2%), ligament damage (2%), hematomas (1%),
spine evaluation (1%), and hip evaluation (0.5%)(Fig. 2).
Forty-two percent of the participating physicians per-
formed neural and musculoskeletal sonography during
their routine practice. Among these, 66% mentioned that
they used it at least once per day, and 31% of them
claimed to use it at least once a week. The remaining
57% of the participants did not use this method, of
Fig. 1 Consort chart
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which, the reasons for not performing these procedures
as claimed were as follows: 65% mentioned not having
an ultrasound device, 60% mentioned insufficient train-
ing, 45% not having clear charging prices for the proce-
dures, 30% blamed lack of insurance coverage, and 5%
other reasons.
It is worth mentioning that when asked about their
opinion on whether neuromusculoskeletal sonography
should solely be performed by radiologists, and that
other physicians should not be able to perform these
procedures, 70% of the participants responded “disagree”
or “strongly disagree”.
The most significant applications according to the
views of the participants in descending order were as
follows: guiding the therapeutic procedures (85%),
diagnosis of sports injuries (48%), and diagnosis of per-
ipheral nerve injury (37%). On the other hand, the best-
visualized tissues and anatomical regions by ultrasound
were reported as tendon tissue (96%), muscles (94%),
and nerves (85%). As for the anatomical regions, the
shoulder region (92%), wrist and hand (71%), hip (53%),
knee (52%), were mentioned (Fig. 3).
The mean of total musculoskeletal MRIs requested by
participants was 14 ± 8.4 cases per month. According to
the participants, the anatomical regions in which ultra-
sound is preferred to MRI were: the shoulder (64%), per-
ipheral nerves (55%), wrist and hand (43%).
Furthermore, ultrasound-guided injections in the hip,
shoulder, and spine are mentioned superior to
landmark-based injections (Fig. 4).
Based on the study results, 84% of university lecturers,
67% of residents, and 79% of the other participating doc-
tors were familiar with at least 5 of the following ultra-
sound specific terms: anisotropy, acoustic enhancement,
reverberation through transmission, acoustic shadowing,
electrographic imaging, color flow, power Doppler.
Among those who participated, 61% rated the neces-
sity of ultrasound training for PM&R specialists as “very
high” and 24% as “high”. Eighty-six percent of the physi-
cians had participated in training courses for neuromus-
culoskeletal sonography, 60% of which had been during
residency and the others through workshops (single or
several-days-long).
Forty percent of our study population used books for
learning theoretical material regarding sonography, while
26% studied the issued guideline. Ninety percent of the
participants considered the application of this method in
PM&R to be most valuable in guided injections and in-
terventions, 68% for diagnostic evaluation, and 48% for
follow up and assessment of response to treatment.
Besides, the advantages of using sonography compared
to other imaging methods according to participants were
reported as follows: safety (83%), the ability to simultan-
eously perform diagnostic and therapeutic interventions
(70%), repeatability (58%), dynamic imaging (52%), ac-
cessibility and speed of assessment (48%), the ability to
compare both sides (33%), high resolution (15%), cost ef-
ficiency (13%).
Based on the results of this study, the obstacles faced
by PM&R specialists in using sonography have been
Fig. 2 Common indication for neuromusculoskeletal sonography requests according to participants (frequency percentage)
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reported as “no access to an ultrasound device” (65%),
“lack of sufficient training” (60%), “unclear tariffs for the
performed procedures” (30%), and professional issues in
the workplace (5%).
Discussion
Musculoskeletal disorders are of importance to PM&R
specialists since they are the major reasons for patient
visits. Therefore, applying the latest knowledge and tech-
nology in diagnosis and treatment can improve the
quality of services they can provide. Considering the
prominent role of sonography as a multipotent tool for
PM&R practitioners, providing them with the required
training is of great importance. Various studies have
been performed regarding this subject in different coun-
tries, including Coris et al. [3] in 2011, which has consid-
ered sonography an effective, non-invasive modality in
the assessment and diagnosis of limb injuries and have
claimed it to be more cost-effective than MRI. Besides,
they have stated it has considerable safety and accuracy
in therapeutic interventions such as PRP, dry needling,
as well as injecting steroids, hyaluronic acid, and botu-
linum toxin.
In a study by Bruyn et al. [8], the role of sonography
as a guide in therapeutic modalities and injections (by
showing the path of the needle and the possibility of
Fig. 4 Cases in which ultrasound-assisted procedures are preferred to blind injection according to participants
Fig. 3 Anatomical regions in which ultrasound was considered valuable by participants (frequency percentage)
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marking the intended location) was assessed and the ne-
cessity of teaching this skill to physicians, and in particu-
lar rheumatologists was emphasized.
Furthermore, Finoff et al. [16] in 2010 while introdu-
cing a certified residency program for PM&R residents
in Mayo Clinic, regarded this skill as essential during the
residency program. This researcher also performed a
systematic review in 2015, in which definite evidence of
the more effectiveness, efficiency, and cost-effectiveness
of ultrasound-guided injections (compared with land-
mark guided injections) were reported. In this study, the
importance of ultrasound training for non-radiologist
physicians; in particular sports medicine fellowships, was
emphasized [17].
Stoven et al. [18], observed that after an ultrasound
training workshop for internists, their knowledge and
skill improved significantly, and using a sonography de-
vice was considered as “a skill obtainable in a short
time”. They also regarded sonography training as an im-
portant field for internal medicine specialists.
The results of a study by Luz et al. [19] showed that
after presenting training courses in the curriculum, the
knowledge level of residents in neuromusculoskeletal
sonography increased significantly, to the extent that
86% of the residents who participated in the study
claimed ultrasound training to be “very necessary” or
“definitely essential”. Also, 73% of them considered self-
learning of this skill to be “useful” or “very useful”.
Arger et al. [18] also reported an increase in the know-
ledge of medical students after an ultrasound training
course.
On the other hand, Delle et al. [23] conducted a study
in 2008; and while emphasizing the effectiveness of son-
ography in the diagnosis of musculoskeletal and
rheumatologic diseases (such as active inflammation in
spondyloarthropathies, crystalopathies, etc.), mentioned
the limitations of this method including the operator-
dependency and lack of standard diagnostic protocols.
Also, D’Agostino et al. [24] in France in 2013, assessed the
applications of sonography in rheumatology and reported
the lack of training and specific guidelines in this field.
Nofsinger et al. [25], while pointing out the specific
uses of sonography in sports medicine (including the
diagnosis of rotator cuff tears, elbow ligaments damage,
and intra-articular knee damage), they mentioned lack of
sufficient training as one of the limiting factors in using
this diagnostic modality.
In a study by Moderiano et al. [26] which evaluated
the amount of knowledge, views, and performance of 47
sonography experts; reported a low level of knowledge
in this study population.
Furthermore, the results of a study by Bagley et al.
[27] also points out the low level of knowledge and per-
formance quality of sonographers,
In this study, despite the difference in the study
population and available facilities (the country of Iran
compared to developed countries in which the above-
mentioned studies have been performed) the importance
of employing ultrasound in the field of PM&R as a guide
in interventions, follow up and assessing response to
treatment has been considered. On the other hand, cost-
effectiveness compared to MRI and the superiority of
ultrasound-guided injections compared to landmark-
based methods have been reported to be among the
most important applications and benefits of sonog-
raphy. This is worth to be noted that, in developing
countries like Iran, not all the physicians have access
to many imaging technologies (e.g. MRI as a
diagnostic tool, or x-ray or fluoroscopy to navigate
injections), and introducing ultrasound as an accept-
able and feasible substitute method is of great
importance.
As mentioned, a considerable number of participants
in the current study regard neuromusculoskeletal sonog-
raphy training to be essential for PM&R specialists.
Despite the majority of respondents (86%) declared they
have participated in some sort of ultrasound training
programs, most of them mentioned insufficient training
(or inadequate quality or quantity of educational
courses) and inaccessibility of ultrasound devices due to
financial reasons are among the most important obsta-
cles in using this tool in the PM&R setting.
For this reason, the following suggestions have been
made to improve the quality of neuromusculoskeletal
sonography services:
- Presenting the neural and musculoskeletal sonog-
raphy (NMSK US) course in educational curriculums as
rotations.
- Empowering PM&R specialists in the field of MSK
US with the PM&R committee and other educational as-
sociations’ assistance.
- Collaboration with continuous educational organiza-
tions for presenting short training courses for PM&R
graduates.
- Using virtual training (video and other visual media)
to train specialists in MSK US.
- Providing educational centers, books, and guidelines
of MSK US.
- Coordinating with the respective organizations and
medical equipment vendors about creating special
provisions for purchasing sonography devices.
- The collaboration of the PM&R committee with pol-
icymakers to regulate the tariffs related to ultrasound-
guided injections.
- Negotiating with insurance companies to cover
ultrasound-guided injections fees.
- Using the capacities of private centers (pain clinics,
PM&R clinics, and sports medicine centers) to train
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physicians and also to refer patients for procedures by
PM&R specialists.
- Informing PM&R specialists, other physicians as well
as patients about the benefits and limitations of ultra-
sound use in procedures.
Conclusion
The emerging technology and widespread application
of neuromusculoskeletal sonography are known to
medical practitioners and specifically physiatrists. A
large number of studies had shown its accuracy,
safety, and cost-efficiency in different diagnostic and
therapeutic procedures. Although, regarding the
different education systems and facilities available in
Iran, this study aimed to assess the knowledge level
and educational perspectives of Iranian physiatrists.
The majority of participants in this study considered
MSK US as an essential and useful skill for physiat-
rists, although they mentioned insufficient education
and inaccessible US device as the major limitations of
its application in the PM&R setting.
According to these physicians, the tendon is the
best-visualized tissue, and they named “shoulder” as
the most agreed region in which ultrasound is pre-
ferred to MRI. Also, safety and the possibility of per-
forming simultaneous diagnostic and therapeutic
procedures were most frequently reported as the ad-
vantages of this method.
In conclusion, possible approaches to enhance the
quality and accessibility of MSK ultrasound for phys-
iatrists are mentioned, such as collaborating with
PM&R committees and relevant educational associa-
tions, adjoining MSK sonography courses in the
residency curriculum, and negotiating with insurance
providers to facilitate and alleviate economic issues of
applying of this method for both patients and
physicians.
Strengths and limitations of this study
To the best of our knowledge, this study is the first one
of its kind conducted on this topic in the field of muscu-
loskeletal medicine including physical medicine and
rehabilitation.
The relatively large sample size is one of the strengths
of this study. Among the 522 PM&R specialists and resi-
dents from the universities across the country, eventu-
ally, 317 (approximately 60%) participated in the study.
The questionnaire used in this study was designed and
evaluated by university lecturers.
The limitations of the study include some of the ques-
tions being too “obvious”, which has led to a disparity in
responses. On the other hand, including questions that
had the option of choosing more than one answer re-
duced the precision, also increasing the difficulty of final
data analysis in some cases. Furthermore, to increase the
study population, the PM&R specialists and residents
were studied simultaneously, but the inconsistency in
the responses of these two groups, in some cases led to
discrepancies in the final results. To alleviate these dif-
ferences, the analysis of each group was performed
separately.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12891-020-03708-1.
Additional file 1. The questionnaire developed and used for data
collection in this study; English version.
Abbreviations
PM&R: Physical medicine and rehabilitation; MSK: Musculoskeletal;
NMSK: Neuromusculoskeletal; MRI: Magnetic resonance imaging;
PRP: Platelet-rich plasma; US: Ultrasound
Acknowledgments
The authors wish to thank the Physical Medicine and Rehabilitation Research
Center, (Shohada-e Tajrish hospital, Shaheed Beheshti Medical University)
and all the physicians participated in this study, for their support and
collaboration.
Authors’ contributions
The main idea was developed by SAR and the questionnaire was designed
and validated by SAR, AB, SMR, BE, LK, and SY. Data collection and analysis
were performed by LK and SAR. SAR, AK, SMR, and LK developed the main
manuscript; which was translated and edited by SMR, AB, SY, and NJ. All the
authors participated in revising and proofreading the final version. The
authors read and approved the final manuscript.
Funding
This study was funded (in terms of affording the expenses for printing and
distributing the questionnaires, and also data entry and analysis) by the
Physical Medicine and Rehabilitation Research Center, Shohada-e Tajrish hos-
pital, Shaheed Beheshti Medical University.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
This research was approved by the ethics committee of Shaheed Beheshti
University with the following code: IR.SBMU.NRITLD.REC.1397.548. The
information gathered from the participating physicians remained private and
was only used in this study. The verbal form of “consent to participate” was
used - as the participants were directly contacted and explained to - which




The authors declare that they have no competing interests.
Author details
1Physical Medicine and Rehabilitation Research Center and Department,
Shaheed Beheshti University of Medical Sciences, Tehran, Iran. 2Department
of Physical Medicine and Rehabilitation, Shaheed Beheshti University of
Medical Sciences, Tehran, Iran. 3Physical Medicine and Rehabilitation
Research Center, Shohada-e-Tajrish Hospital, Shaheed Beheshti University of
Medical Sciences, Tehran, Iran. 4Neshat Physical Medicine, and Rehabilitation
Clinic, Karaj, Iran. 5Department of Physical Medicine and Rehabilitation,
Neuromusculoskeletal Research Center, School of Medicine, Iran University of
Khodadadi et al. BMC Musculoskeletal Disorders          (2020) 21:680 Page 7 of 8
Medical Sciences, Tehran, Iran. 6Physical Medicine and Rehabilitation
Research Center, Tabriz University of Medical Sciences, Tabriz, Iran.
Received: 25 June 2020 Accepted: 9 October 2020
References
1. Fish P, Fish PJ. Physics and instrumentation of diagnostic medical
ultrasound. Chichester: Wiley; 1990.
2. McCartan D, Reynolds GA, Marshall JD, inventors; Acuson Corp, assignee.
Apparatus and method to limit the life span of a diagnostic medical
ultrasound probe. United States patent US 6,270,460. 2001.
3. Coris EE, Pescasio M, Zwygart K, Gonzalez E, Farrar T, Bryan S, Konin J,
McElroy T. Office-based ultrasound in sports medicine practice. Clin J Sport
Med. 2011 Jan;21(1):57–61.
4. Steins RW, Shvarts A, Sumanaweera TS, inventors; Acuson Corp, assignee.
Diagnostic medical ultrasound systems and methods using image-based
freehand needle guidance. United States patent US 6,733,458. 2004.
5. Haider B. Power drive circuits for diagnostic medical ultrasound. InPower
semiconductor devices and IC's, 2006. ISPSD 2006. IEEE international
symposium on 2006 Jun 4 (pp. 1-8). IEEE.
6. Özçakar L, Kara M, Chang KV, Çarl AB, Akkaya N, Tok F, Chen WS, Wang TG,
Tekin L, Ulasl AM, Chen CP. Nineteen reasons why physiatrists should do
musculoskeletal ultrasound: EURO-MUSCULUS/USPRM recommendations.
Am J Phys Med Rehabil. 2015;94(6):e45–9.
7. Orr JA, Westenskow DR, Silva FH, inventors; Axon Medical Inc, assignee.
Ultrasound medical diagnostic device having a coupling medium providing
self-adherence to a patient. United States patent US 5,394,877. 1995.
8. Bruyn GA, Schmidt WA. How to perform ultrasound-guided injections. Best
Pract Res Clin Rheumatol. 2009;23(2):269–79.
9. Raeissadat SA, Babaee M, Rayegani SM, et al. An overview of platelet
products (PRP, PRGF, PRF, etc.) in the Iranian studies. Future Sci OA. 2017;
3(4):FSO231. Published 2017 Jul 28. https://doi.org/10.4155/fsoa-2017-0045.
10. Rayegani SM, Raeissadat SA, Ahmadi-Dastgerdi M, Bavaghar N, Rahimi-
Dehgolan S. Comparing the efficacy of local triamcinolone injection in
carpal tunnel syndrome using three different approaches with or without
ultrasound guidance. J Pain Res. 2019;12:2951–8.
11. Babaei-Ghazani A, Nikbakht N, Forogh B, Raissi GR, Ahadi T, Ebadi S, et al.
Comparison between effectiveness of ultrasound-guided corticosteroid
injection above versus below the median nerve in mild to moderate carpal
tunnel syndrome: a randomized controlled trial. Am J Phys Med Rehabil.
2018;97(6):407–13.
12. Raeissadat SA, Nouri F, Darvish M, Esmaily H, Ghazihosseini P. Ultrasound-
guided injection of high molecular weight hyaluronic acid versus
corticosteroid in Management of Plantar Fasciitis: a 24-week randomized
clinical trial. J Pain Res. 2020;13:109–21.
13. Babaei-Ghazani A, Karimi N, Forogh B, Madani SP, Ebadi S, Fadavi HR, et al.
Comparison of ultrasound-guided local ozone (O2-O3) injection vs
corticosteroid injection in the treatment of chronic plantar fasciitis: a
randomized clinical trial. Pain Med. 2019;20(2):314–22.
14. Razek AA. Al Mahdy Al Belasy F, Ahmed WM, Haggag MA, assessment of
articular disc displacement of temporomandibular joint with ultrasound. J
Ultrasound. 2015;18(2):159–63.
15. Razek AA, El-Basyouni SR. Ultrasound of knee osteoarthritis: interobserver
agreement and correlation with Western Ontario and McMaster universities
osteoarthritis. Clin Rheumatol. 2016;35(4):997–1001.
16. Finnoff JT, Hall MM, Adams E, Berkoff D, Concoff AL, Dexter W, Smith J.
American medical Society for Sports Medicine (AMSSM) position statement:
interventional musculoskeletal ultrasound in sports medicine. Br J Sports
Med. 2015;49(3):145–50.
17. Finnoff JT, Berkoff D, Brennan F, DiFiori J, Hall MM, Harmon K, et al.
American medical Society for Sports Medicine (AMSSM) recommended
sports ultrasound curriculum for sports medicine fellowships. PM R. 2015;
7(2):e1–e11.
18. Stoven S, Kurklinksy A, Halvorsen A. Ultrasound for internal medicine
physicians the future of the physical examination. J Ultrasound Med. 2014;
33(6):1005–11.
19. Luz J, Siddiqui I, Jain NB, Kohler MJ, Donovan J, Gerrard P, Borg-Stein J.
Resident-perceived benefit of a diagnostic and interventional
musculoskeletal ultrasound curriculum: a multifaceted approach using
independent study, peer teaching, and interdisciplinary collaboration. Am J
Phys Med Rehabil. 2015 Dec;94(12):1095–103.
20. Arger PH, Schultz SM, Sehgal CM, Cary TW, Aronchick J. Teaching medical
students diagnostic sonography. J Ultrasound Med. 2005 Oct 1;24(10):1365–9.
21. Raeissadat SA, Rayegani SM, Langroudi TF, Khoiniha M. Comparing the
accuracy and efficacy of ultrasound-guided versus blind injections of steroid
in the glenohumeral joint in patients with shoulder adhesive capsulitis. Clin
Rheumatol. 2016;36(4):933–40.
22. Rayegani SM, Raeissadat SA, Kargozar E, Rahimi-Dehgolan S, Loni E.
Diagnostic value of ultrasonography versus electrodiagnosis in ulnar
neuropathy. Med Devices (Auckl). 2019;12:81–8.
23. Delle Sedie A, Riente L, Bombardieri S. Limits and perspectives of ultrasound
in the diagnosis and management of rheumatic diseases. Mod Rheumatol.
2008;18(2):125–31.
24. D'Agostino MA, Schmidt WA. Ultrasound-guided injections in rheumatology:
actual knowledge on efficacy and procedures. Best Pract Res Clin
Rheumatol. 2013 Apr;27(2):283–94.
25. Nofsinger C, Konin JG. Diagnostic ultrasound in sports medicine: current
concepts and advances. Sports Med Arthrosc Rev. 2009 Mar;17(1):25–30.
26. Moderiano M, McEvoy M, Childs J, Esterman A. Safety of ultrasound
exposure: knowledge, attitudes, and practices of Australasian sonographers.
Sonography. 2017 Sep 1;4(3):99–109.
27. Bagley J, Thomas K, DiGiacinto D. Safety practices of sonographers and their
knowledge of the biologic effects of sonography. J Diagnostic Med
Sonography. 2011 Nov;27(6):252–61.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Khodadadi et al. BMC Musculoskeletal Disorders          (2020) 21:680 Page 8 of 8
